Background Hyperuricemia is a lifestyle-related disease. Although there have been many previous reports about the association of serum uric acid (UA) levels with lifestyle, including eating habits and alcohol intake, there has been no report of a longitudinal study of the relationship between serum UA levels and shift work.
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Aims
To clarify the influence of shift work on serum UA levels in Japanese workers.
Methods
This was a 4-year cohort study of 15 871 workers at a telecommunications company. Pooled logistic regression analyses by sex were performed, with job schedule type, age, body mass index (BMI), lifestyle and the results of blood chemistries as covariates.
Results
In males, shift work, part-time work, BMI, consumption of alcohol (less than twice per week, two to five times per week or more than five times per week) and little preference for vegetables were
Introduction
Several recent studies have indicated that shift work, including night work, is associated with an increased risk of cerebrovascular disease and coronary artery disease [1] [2] [3] [4] [5] [6] [7] [8] . On the other hand, lifestyle-related diseases, which are affected by changes in lifestyle, excessive stress and an increase in consumption of a high-fat diet, are creating serious problems, mainly in developed nations. Hyperuricemia is a lifestyle-related disease that is also thought to be related to metabolic syndrome and insulin-resistance syndrome, which are considered to be risk factors for coronary artery disease [9, 10] . Fang and Alderman [11] reported that hyperuricemia is independently and significantly associated with the risk of cardiovascular mortality, and Tomita et al. [12] reported that hyperuricemia has a strong and independent association with relative risks of death from all causes, including coronary heart disease and cancer. Although there have been many previous reports about the association of serum uric acid (UA) levels with lifestyle, including eating habits and alcohol intake, there has been no report of a longitudinal study of the relationship between serum UA levels and shift work. Working conditions may be difficult for an individual to control. The aim of our study was to investigate the association between hyperuricemia and shift work.
Methods
The study was conducted at nine offices of a telecommunications company in the Kanto district of Japan. All workers at this company undergo a legally required health examination once a year. Items on the questionnaire regarding working conditions included shift pattern, daily working hours, monthly holidays and one-way commuting time. Items regarding lifestyle included consumption of alcohol, smoking habits, daily sleeping hours, physical exercise, eating three meals a day, eating within 1 h before sleep and preferences for salty meals, fatty meals or vegetables. These items were selected by referring to previous studies and they were categorized as in those studies [13, 14] . The shift pattern was categorized into four groups: day workers, shift workers, part-time workers and others. 'Others' refers to night workers and other shift patterns that did not correspond to the other three categories. The categories were chosen in consideration of general Japanese working conditions and general lifestyle.
The period of observation continued only as long as the subjects received annual health check-ups. Serum UA was measured with the uricase-peroxidase reaction.
Internal quality control was performed during every measurement period. Increased serum UA was defined as $8 mg/dl in males and $6 mg/dl in females. These cutoff values corresponded to 95% upper limit values of the subjects at entry year. Pooled logistic regression analyses by sex were performed with age, BMI, working conditions and lifestyle as independent variables and the development of increased serum UA as a dependent variable adjusted for the time period. Each examination interval of 1 year was treated as a mini follow-up study. When the subject developed increased serum UA during follow-up, subsequent data were excluded from the analyses. When there were missing data, subsequent data were similarly excluded. The analyses were performed with SPSS 10.0J software (SPSS Japan Inc.). P-values ,0.05 were considered to be statistically significant. Table 1 shows the number of subjects and person-years observed. The mean observed years per person were 2.22 in males and 2.11 in females. The total person-years of observation amounted to 27 146 in males and 7654 in females. In the first observed year, 584 male subjects and 111 female subjects developed increased serum UA. Table 2 shows the numbers and percentages of each item in the entry year. Table 3 shows the odds ratios (ORs) and 95% confidence intervals (95% CIs) of the OR in the pooled logistic regression analyses.
Results
In males, the ORs for shift workers, part-time workers, BMI, drinking alcohol (less than twice per week, two to five times per week or more than five times per week) and little preference for vegetables were significantly higher than those of the respective reference categories. The ORs for age, sleeping ,5 h and moderate preference for salty meals were significantly lower than those of the respective reference categories. In males, we tested whether the interaction terms between preference for shift work and other significant factors (age, BMI, consumption of alcohol, sleeping hours, preference for salty meals, preference for vegetables) could be included in the model by forward stepwise selection methods using the Wald statistic and likelihood ratio. As a result, none of these interaction terms was selected to improve the logistic regression model by either method. Thus, we believe that these interactions did not need to be taken into consideration. In females, the ORs for age, BMI and history of smoking were significantly higher than those of the respective reference categories. The OR for a 60-to 90-min one-way commute was significantly lower than that of the reference category.
Discussion
Our study found that shift pattern, both working shifts and part-time work, was associated with the onset of hyperuricemia, both independently and significantly, in males. We did not find an association between shift pattern and UA levels in females, and smoking did not predict the onset of hyperuricemia.
The average observation period of 2 years in our study was short. While this could be a weakness of our study, overall this was a large longitudinal study that enrolled 15 871 subjects and therefore should be large enough to obtain meaningful results.
Other studies have investigated the association between shift work and serum UA. Theorell and Akerstedt [15] measured changes in serum UA in two groups of railway workers (n 5 16 and n 5 17) during a 3-week period of shifts between day and night work. In the group that shifted from day work to night work, serum UA increased significantly after 3 weeks compared to their values before they began night work. In the group that shifted from night work to day work, serum UA decreased significantly in 3 weeks compared to their values right after they stopped working at night. Orth-Gomer [16] observed changes in serum UA in two groups of 23 policemen before and after two different kinds of shift work for 4 weeks each. The customary schedule of rotation was called counter-clockwise rotation. In the new schedule, the rotation of shifts was reversed from counterclockwise to clockwise, which was theoretically better adapted to spontaneous circadian rhythm but they did not have significant changes in serum UA levels.
It has been thought that shift work has various influences on the human body by interfering with the circadian rhythm [17] . In two other studies night workers were found to have higher levels of catecholamine, a stress hormone, than day workers [15] , and the other showed that stress increased serum UA [18] . Therefore a possible mechanism for alterations in serum UA could be that shift work, including night work, elevates serum UA due to a stress increase. However, it is unclear how shift work is associated with the onset of hyperuricemia and further study, including a pathophysiological approach, is needed. We found a significantly high OR for hyperuricemia in male part-time workers, although the number of subjects was small (n 5 11). This might be a healthy worker effect and may not be seen in women if they change their work patterns for social rather than health reasons. We did not find a relationship between shift work and hyperuricemia in females, which suggests that the influence of work style on serum UA is different between males and females. This may be because serum UA in males is more changeable than it is in females. Large epidemiological studies have shown that serum UA is lower in females than in males by 1.0 mg/dl [19] [20] [21] , and there is a report that patients with gout excrete low levels of dehydroepiandrosterone (DHA) [22] . DHA is a precursor of androgen and it suppresses activity of glucose-6-phosphate dehydrogenase (G-6-PD). There is a presumption that a lack of DHA increases G-6-PD activity and that asthenia of biosynthesis of UA occurs [22] . Also, there are reports that serum UA levels decrease during pregnancy [23] and that long-term administration of synthetic estrogen to transsexual males increases UA clearance in the kidney [24] . Based on these reports, it is suggested that estrogen increases UA excretion and decreases serum UA levels; the difference in the amount of UA production and excretion by gonadal hormones influences differences in serum UA levels between males and females, and it is thought that this influence is the major contributing factor to sexual differences in the association between work style and UA level.
There have been several reports about the relationship between smoking and serum UA. Lellouch et al. [25] and Nakanishi et al. [26] performed longitudinal studies, and Goldbourt and Medalie [27] and Slater et al. [28] performed cross-sectional studies. Each of them showed that there was a negative association between smoking and serum UA level. However, our longitudinal study with a pooled logistic regression analysis did not reveal such an association but previous longitudinal studies have not considered changes in lifestyle during the observation period as we did.
In general, eating and exercise habits are thought to be important to an individual's lifestyle. However, the results of the present study suggest that it is necessary to consider working conditions as a part of lifestyle to prevent the onset of hyperuricemia. It may be difficult for workers to control their working conditions. Occupational health professionals may need to actively consider this in the management of lifestyle-related diseases.
